Molecular evolution of ruminant lysozymes.
The evolution of a new digestive enzyme, stomach lysozyme, from an antibacterial host defense enzyme provides a link between molecular evolution and organismal evolution. Lysozymes have been recruited at least three times (twice from a conventional lysozyme c and once from a calcium-binding lysozyme c) in vertebrates for functioning in the stomach. The recruitment of lysozyme for its new biological function involved many molecular changes, beyond those required to adapt the protein to function in the stomach. The evolution of the stomach lysozyme gene has been extensively studied in ruminant artiodactyls. In ruminants, the lysozyme c gene has duplicated to yield a family of about ten genes. These duplications allowed: (1) specialization of gene function and (2) increased levels of expression. The ruminant stomach lysozyme genes have evolved in an episodic fashion - there was a period of rapid adaptive sequence evolution, driven by positive selection in the early ruminant, that was followed by an increase in purifying selection upon the well-adapted stomach lysozyme sequence among modern species. Recombination of small portions (exons) of the genes between members of the lysozyme gene family may have aided in adaptive evolution. Evolution to a stomach lysozyme is not irreversible; at least one member of the ruminant stomach lysozyme gene family appears to have reverted to a more ancestral function, yet retains hallmarks of its history as a stomach lysozyme.